This paper develops a theoretical framework and provides empirical evidence on the impacts of diet and lifestyles on life satisfaction in Russia using 1995Russia using -2005 data from the Russian Longitudinal Monitoring Survey. Our results suggest that diet measured as calories, fat, protein, and diversity of food consumption has a statistically significant effect on life satisfaction levels of the Russian population. In addition, living in a region with higher per capita income increases population's life satisfaction. While living in a rural area, having health problems, and having young children affect individual life satisfaction in Russia in a negative and statistically significantly way. Life satisfaction is also positively correlated with education and income, and negatively with unemployment. Better understanding of the drivers of life satisfaction and more generally of subjective wellbeing in Russia can assist in the government decision-making processes, including the allocation of scarce resources and the design of public health policies. 3 which is commonly illustrated by a pyramid, with the largest and most fundamental levels of needs at the bottom, and the need for self-actualization at the top (Maslow, 1943 (Maslow, , 1968 . 3 The physiological needs are the most fundamental set of needs and include food consumption and diet. Arguably, sufficient quantity of food and good quality diet are an important (but not the only) pre-condition for satisfaction from life. 4 Therefore, in this paper we focus on the link between life satisfaction and food consumption and diet composition while controlling for other important socio-economic factors. Thus, our study contributes to the interdisciplinary and growing literature on life satisfaction and diet by emphasizing the importance of adequately framing the effects and taking into account the socio-economic context within which consumption behaviors are studied.
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The majority of existing studies on the link between food consumption and life satisfaction (or mental health) are on populations from developed market economies and do not consider explicitly the socio-economic context. A study by Blanchflower et al. (2013) provides evidence of a link between the consumption of fruit and vegetables and improvement in mental health indicators for a British sample but it uses only cross sectional survey data. Mujcic and Oswald (2016) use a short three-period panel of Australian adults and demonstrate that healthy diet, rich in fruit and vegetables, improves happiness, life satisfaction, and well- 3 The most fundamental and basic four layers of the pyramid contain what Maslow called "deficiency needs" or "d-needs": esteem, friendship and love, security, and physiological needs. If these deficiency needs are not met, even though the body may give no physical indication, the individual would feel anxious and unsatisfied. Maslow's theory suggests that the most basic level of needs must be met before the individual will strongly desire (or focus motivation upon) the secondary or higher level needs. Maslow also coined the term meta-motivation to describe the motivation of people who go beyond the scope of the basic needs and strive for constant betterment. Meta-motivated people are driven by "b-needs" (being needs), instead of deficiency needs (d-needs). 4 The concept of food as a fundamental human need is closely related to the more recent concept of food security comprising supply and demand factors and having four main aspects: availability (adequate food supplies), access (people's ability to access the available food supplies), utilization (calorie and micronutrient intake and absorption) and stability (environmental, economic, and political stability in access to food).
being. Conner et al. (2017) using young adults Australia New Zealand clinical trials also find evidence that fruit and vegetables can have psychological benefits over short periods of time.
However, a strand of (economic) psychology literature has shown that people acting under conditions of stress and scarcity face cognitive limitations (aka tunneling) and (sub)optimally make unhealthy choices (Mullainathan and Shafir, 2013; Shiv and Fedorikhin, 1999) . For example, Shiv and Fedorikhin (1999) find that consumers, when put under conditions limiting their cognitive resources, spontaneously evoke affective reactions rather than cognitions, which has a greater impact on their choice. As a result, the consumers are more likely to (optimally) choose diets that are superior on the affective dimension but inferior on the cognitive dimension (e.g., sugar and fat-rich foods). 5 In contrast, when the availability of cognitive resources is high, cognitions related to the consequences of choosing the diet tend to have a bigger impact on choice. As a result, the consumers are more likely to choose the alternative that is inferior on the affective dimension but superior on the cognitive dimension (e.g., fruit and vegetables).
There is no study on life satisfaction and diet in transition countries. The transition country context offers a good identification set up that could be seen as a natural experiment considering that the radical shift from central planning to free market abruptly brought about significant stress in people's life. Russia, the largest transition country, is the ideal case at hand.
During the decade of early transition, life satisfaction went through a decline until after the financial crisis of 1998, and then it recovered to and above pre-transition levels. This trend was accompanied by a similar trend in economic and political conditions associated, first, with the turbulent second term of the Boris Yeltsin's presidency, followed by the rise in power by 5 Over time, economic development (and arguably transition) is associated with changes in diets, which bring along certain cognitive demands on food choices (Masters et al., 2016) . In addition, the increasing production diversity leads to considerable increase in dietary diversity, which again is associated with cognitive demands on food choices (Hirvonen and Hoddinott, 2017) .
Vladimir Putin in 2000 and the associated stabilization during his first term (Kuchins, 2006 framework, RLMS data, and our empirical methodology. These are followed by discussion of the estimation results. Finally, we draw conclusions.
Transition and life satisfaction in Russia
To further motivate our study of the link between life satisfaction and food consumption we selectively review the available literature on Russia's transition process and its implications for people's lives, including implications for life satisfaction and food consumption. There is a large body of literature on the broader topic of the antecedents of life satisfaction and happiness.
Research finds general patterns in the relationship between socio-economic variables and life satisfaction across countries and across time (Helliwell et al., 2013) . 6 The Russian transition period, and specifically the decade from the mid-1990s to the mid-2000s offers an ideal background to study life satisfaction in general, and the link between food diet and life satisfaction in particular, considering the radical economic and societal shift from socialist to market-based system and the associated changes in the population's diet and lifestyle.
The early transition in Russia signified the real GDP falling to 55% of its 1989 level by 1998, the lowest point over the last two decades, followed by a subsequent recovery to 88% by 2005 (World Bank, 2007 . High inflation, which was over 300% in 1994, emerging open unemployment, sharp decline in production, and quite common wage arrears eroded the income-generating basis for many households. As a result, social indicators point to a fall in living standards, a deterioration in health conditions, and increased mortality. Psychological stress and unhealthy lifestyles, which include heavy alcohol (vodka) and cigarette consumption, a high-fat and energy-intensive diet, and a lack of recreational exercise, have been identified as the main and often intertwined determinants of poor health in Russia (Zohoori et al., 1998) . Using data from the RLMS, Herzfeld et al. (2014) Hayo and Seifert (2003) find positive influences of education and relative income on happiness and long-term life satisfaction, negative effect of unemployment, and U-shaped age effect in several east European countries. Also, in transition context, Sanfey and Teksoz (2007) find association of higher levels of happiness with selfemployment, and that men are happier than women. Cross (transition) country differences in aggregate happiness can be explained well by variations in the unemployment rates, the degree of political freedom, and the human development index (Hayo, 2007) .
bolster the immune system and lead to fewer cardiovascular problems, while anxiety and depression are linked to poorer health outcomes. For example, Graham et al. (2004) analyze the effects of life satisfaction and happiness on incomes in Russia, and find that the unexplained happiness has a positive effect on future income as well as on health. Not only does good health make people happy, but happiness may also have a positive effect on health. The authors explore whether happiness has causal properties on future income and other variables. Happier people earned more income and were healthier. These results are suggestive and do not establish a clear direction of causality. Therefore, in our study on the link between life satisfaction and diet it is important to account for reverse causality.
Theoretical model
Starting from Becker and Rayo (2008) and Huffman and Rizov (2010) , we develop a theoretical model of life satisfaction production accounting for the complexities of people's circumstances and choices they make in the face of prevailing constraints. We postulate that life satisfaction is a component of the individual utility function similar to health and other (non-tradable) goods; thus, life satisfaction and utility are not identical. 9 Such a formulation of the utility function makes it possible to address Adler et al.'s (2017) assertion that individuals trade off SWB and non-SWB aspects in their lives. The individual chooses to maximize utility, which is a composite of physiological (objective) and psychological (subjective) components. 10 Thus, the individual's utility function is specified as:
where S is life satisfaction, which plays an important moderating role in the utility function, D is food diet (including a lifestyle component such as tobacco smoking and alcohol consumption), C is the vector of other (market) goods and services consumed, and O is a vector of (quasi)fixed individual characteristics, such as age, gender, education, and socioeconomic background. For simplicity, we also include here individual health status. We expect S and C to have positive marginal utilities as well as the food consumption and good quality diet, D.
The individual cannot buy life satisfaction in the marketplace. Therefore, we assume that S is not directly purchased but has to be produced by each individual according to production function, using market goods, time, and other individual-specific inputs (e.g., health). Thus, the individual has the following life satisfaction production function:
where L is leisure and ε represents the unobservable individual characteristics that affect the individual's life satisfaction, S. While the role of food in satisfying basic energy and nutrition needs for functioning of the human body is well recognized and studied, the effect of food consumption on mental health, happiness, and life satisfaction is less well understood. 11 In our model we recognize the dual role of food diet in the individual's consumption choice and emphasize the link between food and life satisfaction. Furthermore, by relying on insights from the theory of cognition under scarcity (tunneling) we are also able to explain possible unhealthy also reflects notions of the Maslow's hierarchy of needs theory as ranking of the d-and b-needs could be implemented by adding an explicit constraint in the optimisation model. 11 There is growing literature that explores the psychological effects of macro, and especially micro nutrients consumed through the everyday diet (e.g., Rooney et al., 2013; Blanchflower et al., 2013; Mujcic and Oswald, 2016; Conner et al., 2017) . In our study the focus is somewhat different but nevertheless we recognize that the biochemical effect of food on psychological health and life satisfaction could be an important channel. Another channel that has been suggested to link food and life satisfaction is consumers' perceptions of healthy food, which lead to positive emotions and higher life satisfaction when such foods are consumed (Lattimore et al., 2010) .
diet choices observed during strained socio-economic conditions such as the transition period in Russia (Mullainathan and Shafir, 2013; Shiv and Fedorikhin, 1999) . Under such conditions it is likely that higher life satisfaction is achieved by maximizing the affective dimension of the diet, characterized by high calorie, fat, sugar, and protein content rather than the cognitive (evaluative) dimension of the diet, characterized by healthier, and more diverse composition.
Finally, we formulate the individual's combined time and cash income constraint:
where PD and PC denote the market prices of food (D), and other goods and services (C), respectively; W is the wage rate per unit of time, T is the fixed time endowment (T -L=work),
and N is the non-labor income.
To obtain the full income budget constraint F, we define πS to be the average shadow prices of life satisfaction S:
The shadow price πS depends on the prices of the market inputs (PD and PC), the wage rate (W), and the productivity of individual life satisfaction production function, which, in turn, depends on the various individual characteristics, O. Thus, the production of life satisfaction is affected by individual (objective and subjective) and market (environmental) characteristics.
We assume that the individual maximizes his/her utility subject to the life satisfaction production function and budget constraint. As in productive household models (Gronau, 1977) ,
we proceed by substituting equation (2) in equation (1). Then, we maximize the utility function, and derive the optimal demand functions for D, L and C below: * = ( , , , , ), (5) * = ( , , , , ), (6) * = ( , , , , ).
After substituting the optimal demand functions D * , C * , L * into the life satisfaction production function (2), we obtain the individual life satisfaction supply function: * = ( * , * , * , ; ε).
Within the household production literature, the function in equation (8) is equivalent to a supply function. 13 The function represents the link between food diet and nutrition and life satisfaction which is in the focus of our empirical analysis that follows. The implicit assumption in our empirical implementation of equation (8) 1-Absolutely satisfied; 2-Mostly satisfied; 3-Yes and no; 4-Not very satisfied; 5-Absolutely not satisfied. In our study, we transform the original RLMS variable such that 1 is dissatisfied and 5 is satisfied for ease of interpretation. Some happiness studies have used such ordinalscaled variables as if they were cardinal measures, where 0 is dissatisfied, and 10 is satisfied (Katsaiti, 2012, Kropfhauber and Sunder, 2013) . Lachmann et al. (2018) compare two popular approaches to life satisfaction measurement, specifically single item measures and short questionnaires generating various scales, and conclude that both types of measurement are very similar.
Based on our theoretical model and relevant studies discussed in previous sections, we identify in our data the sets of food diet, personality traits, and socio-economic environment variables available. These are diet characteristics (calories, fat, protein; and diet diversity), lifestyle (alcohol and cigarette consumption, and physical exercise), socio-demographic characteristics (age, education, gender, marital status, household size, kids), income, health status, area of residence and its socio-economic characteristics. Brief definitions, means, and standard deviation for all variables used in our analysis are presented in Table 1 .
Daily calorie intake is a quantity measure of the diet and is collected by a 24-hour recall, while the shares of protein and fat are major components (macronutrients) of the diet. Going forward we will refer to the shares of daily calories from fat and protein as shares of fat and protein in the diet respectively. Diet diversity represents the quality of the diet and is commonly measured by a Berry index, , where sj is the share of expenditures on food group j in total consumption expenditure (e.g., Herzfeld et al., 2014, Thiele and Weiss, 2003) .
Another diet diversity measure just counts the number of food items. The advantage of the Berry index (BI) is that it contains additional information on the concentration of items. Higher values indicate a more diverse diet where diet component foods are consumed in similar shares. 16 Nutritionists assert that a more varied diet is a core element of healthy nutrition behavior (e.g., Drewnowski et al., 1996) . Alcohol consumption and smoking are defined as 
Empirical model
Based on the theoretically derived function of life satisfaction, equation (8) and the related discussion we estimate the following empirical model:
where S is an indicator of individual life satisfaction and D is a vector of food diet characteristics. Life style is approximated by G -a cigarette smoking indicator, A -an alcohol consumption indicator, and E -an exercise indicator. O is an extensive vector of control variables, including age, age squared, gender, education (the three categories, which include primary, high school and university education), household size and income, marital status, children 7 (age<8), children 17 (8<=age<=17), health problems (an indicator of self-assessed health status), work (employment status), rural location, regional GRP per capita, aggregate regions and time dummies. The panel data random effects v are independently and identically distributed N(0, αv 2 ); η is the disturbance term. We are allowing for fixed price differentials across regions, and the year dummy variables, included in the empirical model, allow for 17 To further check for non-linearity in the links between life satisfaction and the diet characteristic variables, in our regression analysis we experimented by adding to the estimated specifications square terms which were found not to be statistically significant.
common price effects as well as capture general country level economic and political events related to the transition process. (9), we employ the two approaches. First, we consider the categories of life satisfaction ordinal and to account for the panel nature of our data, we estimate Random Effects Ordered Logit (REOL) model. Second, we consider the categories of life satisfaction cardinal, and account for possible endogeneity resulting from reverse causality between the dependent (life satisfaction) and independent variables (diet and lifestyle) by employing the panel data System Generalized Methods of Moments (SGMM) estimator of Blundell and Bond (1998) .
Thus, we estimate our model by first using the xtologit command in STATA that fits random-effects ordered logistic regressions. Ordered logistic regressions are used to estimate relationships between an ordinal dependent variable and a set of independent variables. The actual values taken on by the dependent variable are irrelevant, although larger values are assumed to correspond to "higher" or "more preferred" outcomes. The conditional distribution of the dependent variable given the random effects is assumed to be multinomial with success probability determined by the logistic cumulative distribution function.
Not many studies have addressed the issue of endogeneity that could result from reverse causality between the dependent and independent variables or measurement error in the context analyzed. Therefore, we adopt Blundell and Bond's (1998) system GMM estimator, which is an improvement on the first-difference GMM estimator of Arellano and Bond (1991) . It uses both the first-difference and level information and allows the variables in levels to be instrumented with suitable lags of their own first differences. 18 We use the xtabond2 (with twostep option) command in STATA to implement the system GMM estimator. In our estimations we treat the four diet characteristics and lifestyle choices (smoking, drinking, and exercise)
either as endogenous or predetermined, while income, health status, education, employment status, marital status, and household size are treated only as predetermined. Thus, all these variables we consider potentially affected by the individual's level of life satisfaction. Age, gender, regional economic characteristics, and time dummies are used as exogenous instruments. Modifying the assumptions about individual variables in terms of being endogenous or predetermined does not significantly affect the results reported.
Results
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In the differences equation, for endogenous variables, lags 2 and earlier are valid instruments. For predetermined variables (not strictly exogenous), lag 1 is also valid. For the lagged dependent variable, which is predetermined, realizations of lags 2 and earlier are valid instruments. For the levels equation, for endogenous variables, lags 1 and earlier of the first differences of the same variables are valid instruments, while for predetermined variables the contemporaneous first differences of the same variables are also valid. The Roodman's (2009) collapse procedure creates one instrument for each variable and lag distance, rather than one for each time period, variable, and lag distance. However, in large samples such as ours, collapsing the instrument matrix reduces statistical efficiency. Table 2 reports the results from the estimated empirical models. The dependent variable is life satisfaction and the first column of the table lists the independent variables in the model. The second column of Table 2 presents the estimated coefficients from the REOL regression. The coefficients of the diet and nutrition variables, which we call direct measures (in log) are of main interest in our study. Calories, fat, and protein consumption are all positive and statistically significant, indicating that these factors positively affect life satisfaction levels.
Consuming a diverse diet also has a marginally signifficant positive effect on life satisfaction but only at the 10% level. The main message from these results is that diet does indeed affect life satisfaction. However, it is important to consider the diet component effects in the context of healthy diet and from a nutrition quality viewpoint. It seems that during transition individuals consume energy and fat (and protein) rich diets to achieve higher life satisfaction. These consumption patterns are also consistent with the traditional Russian diet (e.g., Herzfeld et al., 2014) and suggest that there is a certain degree of persistence and tradition in food consumption.
The contribution of the healthier, more diverse diet to life satisfaction is less signifficant.
Overall, our findings seem to support Maslow's theory of hierarchy of needs and suggest that, in transition Russia, having first basic physiological needs satisfied leads to a higher life satisfaction irrespective of the transition turmoil in the socio-economic and political environment. Our findings are also consistent with the proposition of the cognitive theory of tunneling where diet's affective dimension is the most important contributor to life satisfaction (Shiv and Fedorikhin, 1999) .
In terms of economic importance, the magnitudes of the effects of main interest are relatively small. Life satisfaction will increase ceteris paribus by 0.15, 0.10, and 0.13 due to 1% increase in calorie intake, fat, and protein consumption respectively. These increases represent between 5% and 10% of the life satisfaction mean but signify important patterns of food consumption in Russia associated with preferences for affective (and unhealthy) diets.
Starting with the lifestyle controls, the coefficient on smoking is negative and statistically significant, indicating a negative correlation with life satisfaction, while consuming alcohol has a positive and statistically significant effect on life satisfaction. These results confirm the previous findings of Graham et al. (2004) . Krekhovets and Leonova (2013) also find a positive correlation between alcohol consumption and life satisfaction in Russia.
The estimated coefficients of age and its squared term point to a convex or U-shaped relationship between life satisfaction and age. The economic literature (Blanchflower and Oswald, 2004 , Easterlin 2006 , Sanfey and Teksoz, 2007 finds the same U-shaped pattern of life satisfaction across the life span, with the lowest point being at age 50 years, which is the same age as found in our analysis. Having university or higher education and having higher income make people more satisfied with life in Russia. A large number of empirical studies arround the world find that life satisfaction is positively correlated with education (e.g., Oswald, 2004, Frey and Studzer, 2002) . The estimated coefficient of household size suggests that individuals living in larger households have higher levels of life satisfaction, while having young children, age 7 and under, decreases individual life satisfaction (Dolan et al., 2008) . Frijters et al. (2006) also find that younger children are more likely to suppress the life satisfaction of their parents.
Contrary to the findings for Western males (Blanchflower and Oswald, 2004 , Frey and Stutzer, 2002 , Hayo, 2007 , we find that Russian males are more satisfied with their lives.
Being married for both genders increases life satisfaction levels in Russia, which is consistent with the findings of Blanchflower and Oswald (2004) , Frey and Studzer (2002) , Graham et al. (2004), and Studzer and Frey (2006) .
Health is an important factor that affects life satisfaction. Being in poor health and living in rural areas decrease an individual's life satisfaction. Graham et al. (2004) given the persistently found negative effects of unemployment on well being across space and time, those who have jobs are more satisfied. Having higher income increases life staisfaction, which is consistent with our theoretical model and studies by Blanchflower and Oswald (2004) and Frey and Studzer (2002) who find that wealthier individuals are on average happier than the poor.
The third column of Table 2 presents the estimated coefficients from the SGMM regression. The coefficients confirm the reported effects obtained from the REOL regression, with the exception of diet diversity and a few control variables (age, education, smoking) which are no longer statistically significant even though they preserve their signs. These results suggest the presence of some potential reverse causality issues where life satisfaction might affect diet diversity choices, smoking and education attainment. Of special importance is the insignificant coefficent of diet diversity which we have argued might be due to a cognitive tunneling effect during the turmoil of the Russian transition. There is also some empirical evidence from studies by Kennedy (2004) and Rizov et al. (2014) that under stress or uncertainty respectively individuals end up consuming less diverse diets. The difference in results might also indicate that treating the life satisfaction measure as ordinal or cardinal is of some significance.
The estimated coefficients on the East and West Siberia regional dummies point to negative and statistically significant effect only in the SGMM regression, suggesting that the people living in these regions have lower life satisfaction levels relative to the people living in Moscow-St.Peterbug areas. This finding could also be interpreted as reflecting negative price effects, or could be driven by less favourable living conditions due to more severe climate, for example. All of the coefficients of the year dummies in both REOL and SGMM regressions are statistically significant, negative for the first three periods (1995, 1996, 1998) and positive from 2000 to 2005, which suggest U-shape of life satisfaction levels over the years.
As a robustness check in Table 3 we report results from the same two regression analyses as in Table 2 but with relative diet measures where the original (direct) diet measures are transformed by deducting the log median for each variable. 19 This way we take into account the prevailing common diet composition as a reference state, and the new results can be interpreted as with respect to the prevailing popular diet in Russia. The most important finding is that the estimated coefficients are quite similar in the two sets of regressions, which implies that our main conclusions are confirmed.
Conclusions
This paper is one of the first to analyze the relationship between life satisfaction and diet in transition country context, and the first such dedicated study for Russia. It provides empirical evidence on the impacts of diet and lifestyle on life satisfaction in Russia using 1995-2005 data from the Russian Longitudinal Monitoring Survey (RLMS). Our results suggest that diet measured as calories, fat, protein, and diversity of food consumption has an important, statistically significant effect on life satisfaction levels of the Russian population. In addition,
we confirm several socio-economic antecedents of life satisfaction found in other studies.
Living in a region with higher per capita income increases a population's life satisfaction. 19 We use median rather than mean to transform the diet variables to minimize the impact of outliers; we have also experimented with means rather than medians and the results were not qualitatively different. We also experimented with three sets of medians calculated at country level, by time period, and by region respectively and found that the estimated coefficients in all versions were qualitatively similar. In the paper we report results with medians calculated by region and time period.
While living in a rural area, having health problems, and having young children affect individual life satisfaction in Russia in a negative and statistically significant way. It is generally found that life satisfaction is positively correlated with education and income, and negatively with unemployment. These findings were confirmed in the data for Russia.
Better understanding of the drivers of life satisfaction and SWB in Russia will assist in government decision-making processes, including the allocation of scarce resources and the design of public health policies. We generate important policy implications in terms of the food diet, which is in the focus of our analysis. In a turbulent transition situation, or any other similar circumstances, securing the basic physiological needs of the population should be a priority that should not be compromised. When aiming at improving a population's life satisfaction, special attention should be paid to vulnerable groups, such as those with low-income, less education, families with young children, and rural residents Further in this context, policy makers should be aware that (short-term) life satisfaction could be achieved by the consumption of less healthy but sensory diet, rich in energy and fats.
Therefore, Russian policy makers could consider supporting the provision of diverse food stuffs in order to achieve more diverse diets in Russia during periods of economic downturn beyond transition. Furthermore, considering the relatively high impact of proteins on life satisfaction, and bearing in mind that particular protein-rich foods are a desirable component of a healthy diet, supporting such types of food should also be considered. Complementing all of the above, well targeted and effective nutrition advice on healthy diet and lifestyle could play an important role in achieving sustainable long-term life satisfaction of the population.
Higher life satisfaction as discussed in the introduction will result in higher quality of life and ultimately in a more advanced society. 
